HISTORY OP GROUND-WATER DEVELOPMENT
In pioneer days travelers learned that supplies of fresh water sufficient for camp use might be obtained by digging shallow pits in sand dunes that were covered by thickets of hackberry, this type of brush apparently being an indication of the presence of fresh water close to the surface. It was found, however, that these shallow wells could not be relied upon to yield water through long periods of drought. Later more trustworthy supplies were obtained in sandy areas in the eastern part of the county, especially along the Gulf, by means of wells, some of which 1 Taylor, T. U., Underground waters of the Coastal Plain of Texas: U. S. Geol. Survey Water-Supply Paper 190, pp. 9-13, 1907. were drilled into the sand to a depth of nearly 100 feet. These wells ordinarily yielded good water, but when they were drilled too deep or pumped too rapidly the water became salty. In the greater part of this region, however, the water from shallow wells was found to be unfit for domestic use or stock, and both stock raising and farming in the region were handicapped until it was 'found that abundant supplies of fresh water could be obtained from deep wells.
In 1899 a well 532 feet deep was drilled by T. L. Herring in the Palo Alto pasture, west of Bishop, in Nueces County, not far from the north boundary of KLeberg County. This well developed a substantial flow, the water in it rising about 8 feet above the surface, A second well was put down about 5 miles west of the first one and also proved to be a flowing well. Mr. Herring then put down a well 530 feet deep at the Santa Gertrudis ranch headquarters, 2 miles west of Klngsville. (See pi. 17 .) The artesian head' in this well was sufficient to raise the water 25 feet above the surface, and the well had a flow of 250 gallons a minute. By 1904 several additional flowing wells had been drilled in the county, Including one at the railroad station at Klngsville, which is said to have had a flow more than 20 feet above the surface. In 1904, experimental irrigation of garden truck with artesian water having proved successful, a part of the King ranch, comprising 42,000 acres in the vicinity of Klngsville, was subdivided into small tracts, and a large number of wells were put down to irrigate them.
By 1908 or 1909 some of the wells had ceased to flow, and by 1910 pumping was started. The height of the development was reached in 1912, when, it is estimated, about 3,500 acres was irrigated from wells. About 1913 or 1914 pumping for irrigation was discontinued, owing to the low prices for garden truck and other irrigated crops.
PURPOSE OP THE INVESTIGATION AND FIELD OPERATIONS
The purpose of the investigation was to obtain information from which an estimate could be made of the extent of the available supplies of fresh ground water and from which a plan could be worked out for conserving the -water and preventing it from being contaminated by salt water.
In the course of the field work 434 wells were located and mapped, and all available information regarding them was collected, tabulated, and studied. Samples of water were obtained from most of the wells and tested ^n the field for hardness and chlorides. Samples from 13 wells were collected and analyzed in the water-resources laboratory of the Geological Survey at Washington. Tests were made in 10 wells by means of electrical conductivity apparatus to determine the location of salt-water leaks.
Static water levels were determined in nearly all the wells by means of a pressure gage or elevated pipe in flowing wells and by water-level measurements with a steel tape from a fixed measuring point on nonflowing wells.
The measuring points on wells along the Missouri Pacific Railroad, the highway northwest of Kingsville, and the road to the Laureles ranch, east of Kingsville, were connected by levels, and a map was compiled showing the depth to which water in these wells would rise above sea level in the winter of 1932 (pi. 17). In the next 2 years the water levels in 107 selected observation wells were measured several times in order to determine the fluctuations in artesian pressure.
RELATION OP THE GEOLOGY TO THE OCCURRENCE OP GROUMD WATER
In Kleberg County the well drill first passes through a layer of soil or wind-blown sand and then penetrates a long succession of beds of clay and sand, some of which are moderately cemented, belonging in turn to the Beaumont clay (Pleistocene), Lissie formation (Pleistocene), and Goliad sand (Pliocene) . If the well is continued still deeper it passes through the Lagarto clay (Miocene?) and successively lower formations.
Many of the beds were undoubtedly deposited in shallow lagoons along the shore, and some of the beds down the dip may be of marine origin.
These beds, therefore, were originally saturated with more or less salty water. In addition marine terraces on the Gulf Coastal Plain indicate that the area was covered by the sea from time to time during the Pleistocene epoch. In general the beds of sand vary considerably in thickness, and some of them pinch out entirely. The clays not only predominate but usually are thicker and, more persistent than the sands.
In few places do they pinch out entirely, and as they are very nearly impermeable they serve as barriers to the penetration of rainfall and to the passage of water from one bed of sand to another. The formations dip to the east at an angle that is considerably greater than the surface slope. Therefore, in crossing this part of the Coastal Plain from east to west the traveler passes over the beveled edges of successively older formations. Beds that are far beneath the surface in Kleberg County crop out in Brooks, Duval, and Jim Wells Counties. These conditions are favorable for the development of a fresh-water artesian system in a sand or sandy zone that persists from the outcrop down the dip for long distances. In such a bed the water enters the sand at the outcrop and moves slowly down the dip, filling or nearly filling the interstices in the sand. The highest part of the bed is at the outcrop. Farther down the dip, if the bed is overlain by an impermeable or relatively impermeable clay, the water will be under hydrostatic pressure and may rise to the surface when it is encountered by wells.
During successive inundations by the sea the sediments presumably were saturated practically everywhere with sea water. Since the retreat of the sea the thicker and more persistent sands have gradually been flushed out by fresh water, which moves from the outcrop down the dip to some unknown outlet, perhaps under the Gulf at the edge of the Continental Shelf. The thin-bedded lenticular sands, however, are surrounded by impermeable or relatively impermeable clays, and a certain amount of salt water is still trapped in them. 
to the information on the 437 wells listed in the table, some data were obtained on 13 wells on the Santa Gertrudis ranch and 36 wells on the Laureles ranch that had been abandoned for one reason or another. Of the wells in the subdivided area 14 were not visited or included in the tabulation.
The withdrawals of ground water in the county reached a maximum when irrigation from wells was at its peak about 1912. If 3,500 acres was then irrigated and 2 acre-feet of water was applied annually, the consumption of ground water for irrigation alone amounted to 7,000 acre-feet a year, which Is the equivalent of about 6,250,000 gallons a day throughout the year. The total consumption at that time probably exceeded 7,000,000 gallons a day.
It is difficult to estimate the present consumption of ground water A comparison of the field and laboratory determinations for water from identical wells indicates that the field tests for chlorides are fairly good, "but the field tests for hardness are uniformly too high. Nevertheless, the field tests are believed to be sufficiently accurate to serve as a valuable index of the comparative mineral content of the different waters, and the brief discussion that follows is based largely on them.
Wells in the sand dunes usually yield small quantities of water that contains less than SOO parts per million of chloride or hardness and is acceptable for drinking. In some localities, however, the sand seems to occupy low places that were formerly filled with brackish water, and a well In such a locality will yield water that is too salty to 
A. SALT-WATER LEAKAGE TESTING EQUIPMENT WITH CRANE FOLDED FOR MOVING.

B. LEAKAGE EQUIPMENT READY FOR A TEST.
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Mar. The greatest observed waste was in the flowing-well area east of Riviera.
Views of typical flowing wells in that area from which water is partly wasted are shown in plate 20.
The supply of fresh water in the underground reservoir in Kleberg
County is not very great, and although the waste of water is not large, it is sufficient to deplete the supply to some extent. Every man who has a well should realize that he and his neighbor in fact the whole community -are drawing from a common reservoir and that any depletion of this reservoir is suffered by all. The waste of water from artesian 
WELL-DRILLING METHODS
The life of any well in this area depends upon the manner in which it was drilled, the kind of casing used in it,, and the method employed in seating the casing. A properly constructed well provided with a casing of good grade should yield good water almost indefinitely. The corrosive action of salty water causes most of the leaks that develop in the casing. It follows, therefore, that when the well is constructed provision should be made to prevent salt water from coming into contact with the casing, so far as this is possible.
The following method of construction is suggested for protecting and cementing the casing. The well should be drilled nearly through the clay overlying the fresh-water sand with rotary tools at least 2 inches larger than the outside diameter of the casing collars. During the drilling the circulating mud should be kept as heavy as possible, and if it is necessary to lighten it, fresh water should be used. Before the casing is lowered into the well it should be cleaned with a wire brush and painted with a heavy asphaltic paint. Then it should be given three spiral wrappings with strips of light canvas, etfch wrapping followed by a coat of asphaltic paint. This is to prevent rocks from scratching through the asphaltic paint as the casing is lowered into the hole. It will be necessary at first to leave a small uncovered space at the ends of each length of pipe, so that it can be manipulated with the elevators and pipe tongs, but after the pipe is connected with the string and is ready to be lowered into the hole each joint should be carefully wrapped and painted.
The casing should be lowered in one solid string and suspended about 10 feet above the bottom of the hole while neat cement is pumped in at the bottom through a small pipe. After the cementing pipe has been removed the casing should be tightly capped and lowered to the bottom, thus forcing the cement around the outside of the casing. After* the cement has set, the mud on the inside of the casing may be pumped out and the well drilled into the water-bearing sands. The screen may be placed
In position separately so as to extend from the bottom of the water sand upward into-the casing.
The use of cast-iron casing, which was introduced in this county a few years ago, is believed to represent a forward step. Cast-iron casing should add a great many years to the life of a well. In any event only firat-class casing should be used, and the casing should be protected with paint,, wrapping, and mud. The information regarding the depth of the well and size of the casing at different depths was obtained from many sources and for a few of the wella may be in error. ..... Dec.
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